The strain Bacillus sp. WD23 exhibiting laccase activity was screened from forest soil. The M9 medium containing Cu 2+ was used for enriching and isolating bacterial strains capable of oxidizing syringaldazine (SGZ). One isolated strain was identified as Bacillus subtilis WD23 based on the results of physiological and biochemical tests and 16S rDNA sequence analysis. The strain WD23 could grow at temperatures ranging from 20 to 55°C and showed optimum growth temperature and pH at 25°C and 7.0, respectively. The sporulation rate of the strain clearly correlated well with the laccase activity. The temperature half-life of the spore laccase was 2.5 h at 80°C and the pH half-life was 15 d at pH 9.0. Its spore laccase could decolorized 50~90% of Remazol brilliant blue R (RBBR), alizarin red, congo red, methyl orange and methyl violet, which suggests the potential application of spore laccase in dyestuff treatment.
Introduction
Laccases (benzenediol:oxygen oxidoreductases, EC1.10.3.2) are a diverse group of multi-copper proteins that are capable of oxidizing a wide range of inorganic and aromatic compounds, while reducing molecular oxygen to water. Laccase activities were found in Bacillus sphaericus, Escherichia coli and S. Psammoticus [1] . The low substrate specificity and their ability to oxidize many pollutants suggests their industrial and biotechnological applications.
Bacterial spore laccases which are active in the alkaline pH range could be used for bioremediation or application in membrane reactors. Despite the importance of bacterial laccase in pollutant degradation, only a few novel bacterial strains displaying "laccase-like" activity have been discovered. The lack of a commercially available robust and inexpensive laccase is a major barrier to the widespread application in various industrial sectors. The present study has been carried out to isolate and characterize the bacterial strain Bacillus subtilis WD23 exhibiting laccase activity from forest soil. The spore laccase of this strain was characterized and used to decolorize several synthetic dyes.
Materials and methods

Sample collection
The soil samples were obtained from the forest of Liangshui National Nature Reserve in Heilongjiang, China (128° 53′ E and 47° 10′ N). Enrichment and isolation of microorganisms M9 culture medium added 0.2 mmol/L Cu 2+ was inoculated with soil particles and incubated at 37°C for 2 d, and subcultured. Stable enrichment cultures were obtained. To isolate pure cultures, the supernatant was appropriately diluted before spreading onto LB agar plates containing 0.2 mmol/L Cu 2+ . Individual bacterial colonies were dropped with 0.1% (m/v) syringaldazine dissolved in absolute ethanol for identifying the bacteria exhibiting laccase activity. The colonies displaying pink were streaked on LB agar plates containing 0.4 mmol/L Cu 2+ for purification. Morphological and metabolic characterization Gram staining was performed according to standard protocol. For substrate utilization, the pure cultures were inoculated respectively into peptone-water culture medium containing substrates with 1% of the final concentration, such as glucose, lactose, fructose, and incubated at 37°C for 24 h. Some biochemical metabolic ability was determined by inoculating isolates onto selective media such as casein, urea, balsam and starch agar.
Isolation of genomic D A and 16S rD A PCR amplification
The bacterial genomic DNA extracted was stored at -20°C. For PCR, primers specific for eubacterial 16S rDNA 27F and 1492R were used. The PCR was run in a Gene Amp PCR system 9700 (Applied Biosystems, Singapore). After the initial denaturation at 93°C for 5 min, 30 cycles consisting of denaturation at 94°C for 18 s, annealing at 56°C for 15 s, and extension at 72°C for 78 s and then a final extension at 72°C for 7 min were carried out to amplify the target gene. Amplification products were cloned using a pMD18-T vector cloning kit and transformed into competent E. coli JM109.
ucleotide sequencing, alignment, and phylogeny The identified positive recombinant was sequenced by Shanghai Sangon Biotechnology Company. Related sequences were obtained from the GenBank database of NCBI using the BLAST search program. The 16S rDNA sequences and reference sequences obtained from GenBank databases were aligned using multiple sequence alignment software ClustalX 1.81. Phylipwx package was used to calculate similarity values and construct a phylogenetic tree. Determination of optimal growth conditions The strain was inoculated in LB medium with varying pH values (4~11) and incubated at 15~55°C. The optical density of the growing cultures was observed at 600 nm using U-2800 spectrophotometer (Hitachi, Japan) to determine the optimum growth conditions.
Effect of metals and saline solution on bacterial growth
To study the effect of metals on growth, 200 µg/mL Zn 2+ , Fe 3+ , Ca 2+ , Mn 2+ , Mg 2+ or Cu 2+ was supplemented in LB culture medium, respectively. Cultures were grown at 37°C for 24 h. Culture grown in absence of metal was used as a control. Growth was determined by measuring the absorbance at 600 nm against blank.
The strain was inoculated in LB medium supplemented with 1%, 2%, 4%, 6%, 8%, 10% or 12% NaCl. The turbidity of the growing cultures was observed at 600 nm using U-2800 spectrophotometer to determine the growth status. The relationship of sporulation rate and laccase activity B. subtilis WD23 was inoculated on LB plates containing 0.2 mmol/L Cu 2+ and incubated at 30°C. The quantities of the spore were calculated and the laccase activity was determined every day. The sporulation rate was determined by the percentage of the quantities of spore opposite to all cells. The spores were removed from the agar with 1 mol/L KCl, washed with 0.5 mol/L NaCl, and re-suspended in 0.1 mol/L citrate-phosphate buffer (pH 6.8). The spore suspension was prepared for laccase activity determination. Assay of spore laccase activity Spore laccase activity was determined at 40°C using syringaldazine as the substrate. The oxidation of syringaldazine was detected by measuring the absorbance increase at 525 nm (ε 525 =65,000 L mol -1 cm -1 ) after 3 min using U-2800 spectrophotometer. The reaction mixture (3 mL) contained 100 µL of spore suspension (10 mg wet spores), 2.4 mL of citrate-phosphate buffer (0.1 mol/L, pH 6.8), and 0.5 mL of 0.5 mmol/L syringaldazine. One unit of enzyme activity was defined as the amount of enzyme required to oxidize 1 µmol of substrate per minute. All assays were carried out in triplicate for each sample. Optimum pH and temperature of spore laccase Determination of the optimum pH was conducted in 0.1 mol/L citrate-phosphate buffer of pH 4.0~8.0. The optimum temperatures of the spore laccase was determined over the range of 0~100°C with syringaldazine as the substrate at their optimum pH values. Thermal and pH stability of spore laccase Thermal stability of the spore laccase was determined by preincubation 0.1 mol/L citrate-phosphate buffer (optimum pH) of spores at 60 and 80°C and measured the remaining activity. The pH-stability was examined similarly at 30°C in buffers ranging from pH 4.0 to 9.0. Determination of dye decolorization efficiency of spore laccase The general dyes, Remazol Brilliant Blue R (RBBR), Alizarin Red, Congo Red, Methyl Orange and Methyl Violet, were prepared individually with the concentration of 25 mg/L. The prepared dye solution was supplemented with
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Environment Materials and Environment Management, EMEM2010 100 g/L spores and incubated at 37°C under mild shaking conditions for 1 d. Dye samples without spores were as the control. The absorption spectrum of each dye between 200 and 800 nm was measured with U-2800 spectrophotometer. Dye decolorization was assessed by the decrease in absorbance under the maximum wavelength of the dye.
Results
Isolation of bacterial strain with high laccase activity Four hundred colonies were screened from cultures in M9 medium supplemented with 0.2 mmol/L Cu 2+ . After secondary screening, 46 bacterial strains were picked out by color development reaction to syringaldazine. One of the potential strains showing a high level of laccase activity was named WD23 and selected for further studies. The strain WD23 formed pinkish colonies on LB agar plate, was a Gram-positive, spore forming, rod shaped, 1~2 µm long, motile bacterium, and formed white colonies on LB agar supplemented 0.2 mmol/L Cu 2+ . The optimum pH was 7.0 and the optimum temperature was observed at 25°C though they were able to grow at temperatures ranging from 20 to 55°C. The isolate yielded a PCR product about 1.5 kb with eubacterial 16S rDNA primers (Fig. 1) . The morphological, physiological, biochemical characteristics (Table 1 ) and the comparative analysis of DNA sequence with available database showed that WD23 was close to the members of Bacillus subtilis. The highest sequence similarity (100%) and phylogeny based on Clustal X indicated that the strain WD23 was B. subtilis (Fig. 2) . A 1513 nucleotides-long 16S rDNA sequence was submitted to the NCBI databases under the accession number EU780682. Effect of metals and saline solution on bacterial growth Metal cations Zn 2+ , Fe 3+ , Ca 2+ , Mn 2+ , Mg 2+ and Cu 2+ (200 µg/mL) all showed a certain extent of inhibition to the growth of the strain. Among them all, Zn 2+ showed the highest degree of inhibition. The strain WD23 showed strength of tolerance to 10% NaCl. The relationship of sporulation rate and laccase activity The sporulation rate clearly correlated well with the laccase activity in 9 d as shown in figure 3 . The result demonstrated that the laccase activity derived from the spores.
Effect of pH and temperature on laccase activity
The optimum pH of the spore laccase activity was 6.8 and the optimum temperature was observed at 60°C. The spore laccase exhibited a higher thermal and pH stabilitiy. The temperature half-life of the laccase was 2.5 h at 80°C. The pH half-life of the spore laccase was 15 d at pH 9.0. Efficiency of dye decolorization In order to prove the potential application of this strain to the treatment of wastewater containing dyestuff, the spore laccase was used for the decolorization of RBBR, Alizarin Red, Congo Red, Methyl Orange and Methyl Violet. The decolorization rates were 90% in the treatments of RBBR and Alizarin Red, and 50%~70% in the treatments of other dyes (Fig.4) . These results indicated that the spore laccase could decolorize the most dyes efficiently without additional redox mediators.
Discussion
In this study, B. subtilis strain WD23 was unable to utilize xylose and gum sugar, while the classical strain of B. subtilis does according to Bergey`s Manual. The strain WD23 exhibits high laccase activity. For many continuous process applications it is necessary that the catalysts such as laccases are kept active in the whole process. Spore laccase of B. subtilis WD23 has a high thermostability and a high stability at alkaline conditions. These characteristics may be of significant importance for biotechnological applications. The present study is the first report that spore CotA protein demonstrates copper resistence. The decolorization results demonstrate that spore laccase has potential application in dyestuff treatment. 
